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ABSTRACT 

P o p u l a t i o n  dynamics o f  4  s p e c i e s  of Ca r ibbean  
c o r a l s  ( A g a r i c i a  a g a r i c i c e s ,  A. l a r ea rck i .  
L e p t o s e r i s  c u c u l l a t a ,  and Morlcascrea a ~ l r i u l a r i s )  
were measured a n n u a l l y  i n  Jamaica  o v e r  a  10 y e a r  
p e r i o d .  L ike  many c o r a l s .  t h e s e  s p e c i e s  c a n  
r ep roduce  s e x u a l l y  (by t h e  p r o d u c t i o n  o f  l a r v a l  
r e c r u i t s ) ,  o r  a s e x u a l l y  (by f i s s i o n ) .  Here I 
examine f o r  t h e  f i r s t  t ime t h e  r e l a t i v e  c o n t r i b u -  
t i o n  o f  t h e s e  two p r o c e s s e s  i n  m a i n t a i n i n g  t h e  
s i z e  o f  l o c a l  c o r a l  p o p u l a t i o n s .  

S u r v i v o r s h i p  from 1977-1987 of  c o l o n i e s  o r i g i n a l l y  
p r e s e n t  ranged i n t e r - s p e c i f i c a l l y  from 7 - 6 1 % .  The 
l o n g e r  l i v e d  s p e c i e s ,  M. a n n u l a r i s  and 
A .  l a m a r c k i ,  had on ly  7  l a r v a l  r e c r u i t s ,  w h i l e  t h e  
s h o r t e r - l i v e d  s p e c i e s ,  A. a g a r i c i t e s  and 
L .  c u c u l l a t a ,  had 1 6 7 . '  More c o l o n i e s  were 
g e n e r a t e d  l o c a l l y  by a s e x u a l  f i s s i o n  t h a n  by 
l a r v a l  r e c r u i t m e n t  i n t o  t h e  permanent p l o t s ,  f o r  3  
o f  t h e  4  s p e c i e s .  The p e r  s p e c i e s  r a t i o  of  
r e c r u i t s  t o  f i s s i o n s  ranged more t h a n  2 0 - f o l d ,  
from l e s s  t han  1 : 1 0  t o  g r e a t e r  t h a n  2 : l .  By 1987 ,  
a l l  c o l o n i e s  cou ld  be  i d e n t i f i e d  a s  ( 1 )  s u r v i v o r s  
o f  t h o s e  a l r e a d y  p r e s e n t  1 0  y e a r s  e a r l i e r ,  ( 2 )  
d a u g h t e r  c o l o n i e s  formed by f i s s i o n  o f  o l d  
s u r v i v o r s ,  o r  ( 3 )  l a r v a l  r e c r u i t s  o f  known a g e .  
The r e l a t i v e  number of each  of t h e s e  t h r e e  
c a t e g o r i e s  v a r i e d  w ide ly  from s p e c i e s  t o  s p e c i e s ,  
i n d i c a t i n g  s u b s t a n t i a l  d i f f e r e n c e s  i n  c o l o n i z i n g  
a b i l i t y ,  and i n  gene t  l o n g e v i t y  and t u r n o v e r .  

INTRODUCTION 

The p o p u l a t i o n  dynamics o f  c l o n a l  o rgan i sms  a r e  
s t r o n g l y  i n f l u e n c e d  by modular p r o c e s s e s  ( p o l y p  
m o r t a l i t y ,  co lony  f i s s i o n  and f u s i o n ) ,  a s  w e l l  a s  
t h e  more f a m i l i a r  demographic e v e n t s  of  g e n e t  
b i r t h  and d e a t h  ( e . g .  Harper  1977,  Hughes 1984.  
Laske r  1984.  Heyward & C o l l i n s  1 9 8 5 ) .  C l o n a l  
a n i m a l s ,  such  a s  most c o r a l s ,  b ryozoans  and 
a s i d i a n s ,  grow by r e p e a t e d  budding of  modules 
( e . g .  p o l y p s ) .  Many c l o n a l  s p e c i e s  undergo 
a s e x u a l  r e p r o d u c t i o n ,  when s i n g l e  modules o r  
clurnps o f  modules ( i . e .  daugh te r  c o l o n i e s )  bud o r  
b r e a k  o f f  ( e . g .  Hughes & Jackson  1980 ,  1985 ,  
Hun te r  & Kehoe 1985.  J ackson  & Hughes 1985,  
Richmond 1 9 8 7 ) .  The sum of  a l l  modules ,  whe the r  
p h y s i c a l l y  connec t ed  o r  n o t ,  compr i s e s  each  g e n e t ,  
o r  g e n e t i c a l l y  d i s t i n c t i v e  i n d i v i d u a l .  Because of  
a s e x u a l  r e p r o d u c t i o n ,  t h e  number of  c o l o n i e s  i n  a  
c o r a l  p o p u l a t i o n  o f t e n  g r e a t l y  exceeds  t h e  number 
o f  g e n e t s  ( e . ~ .  Gilmore & H a l l  1976 ,  Hunhes & 
J a c k s o n  1980 ,  -1985,  Bothwel l  1981,  ~ i ~ h i m i t l i  1982 ,  
J o k i e l  e t  a l .  1983 ) .  M o r t a l i t y  r a t e s  o f  a s e x u a l l y  
produced d a u g h t e r  c o l o n i e s  may d i f f e r  from t h a t  of  
c o r a l  r e c r u i t s  (Hughes 1 9 8 5 ) .  Thus ,  t h e  g e n e t i c  
d i v e r s i t y  and t u r n o v e r  of  a  p o p u l a t i o n  i s  s t r o n g l y  
i n f l u e n c e d  by t h e  r e l a t i v e  r a t e s  of  s e x u a l  and 
a s e x u a l  r e p r o d u c t i o n .  

of  c o r a l  r e p r o d u c t i o n .  Four conunon Car ibbean 
s p e c i e s  were chosen f o r  s t u d y ,  Aga r i c i a  
a g a r i c i t e s .  A. l a m a r c k i .  L e p c o s e r i s  c u c u l l a c a ,  and 
N o r ~ t a s c r e a  a n n u l a r i s .  I n  deep w a t e r ,  t h e s e  
s p e c i e s  form f o l i a c e o u s ,  p l a t e - l i k e  c o r a l s  which 
a r e  p a r t i c u l a r l y  amenable t o  pho tog raph ic  
c e n s u s i n g .  The e c o l o g i c a l  and g e n e t i c  d i f f e r e n c e s  
between l a r v a l  r e c r u i t s  and daugh te r  c o l o n i e s  
r e s u l t  i n  s u b s t a n t i a l  d i s c r e p a n c i e s  i n  c o l o n i z i n g  
a b i l i t y ,  age  s t r u c t u r e ,  l o n g e v i t y  and g e n e t i c  
d i v e r s i t y  o f  t h e s e  c o r a l  p o p u l a t i o n s .  

METHODS 

R a t e s  of l a r v a l  r e c r u i t m e n t  and colony f i s s i o n  
were r eco rded  by pho tog raph ic  mon i to r ing  of 12 lm2 
q u a d r a t s  t i e d  permanent ly  a t  a  dep th  of  35m o n t o  
P i n n a c l e  1 r e e f ,  n e a r  t h e  Discovery  Bay Marine 
Labora to ry  i n  J ama ica .  Encli quad ra t  was d i v i d e d  
i n t o  1/41n2 s e c t i o n s  by lnonof i la~nent  l i n e ,  and 
t h e s e  were photograptied a n n u a l l y  u s ing  a  Nikonos 
11. 111, 1V o r  V  camera equipped wi th  a  28mm l e n s  
and s t r o b e ,  from a  v e r t i c a l  d i s t a n c e  of  1-1.5111. 

Each 1/4m2 photograph ( c o l o u r  t r anspa rency )  was 
p r o j e c t e d ,  and a l l  c o l o n i e s  o f  t h e  f o u r  s e l e c t e d  
s p e c i e s  were i d e n t i f i e d ,  t r a c e d ,  numbered, 
d i g i t i z e d ,  and fo l lowed through time ( a  t o t a l  o f  
3 . 5 9 1  r e c o r d s ) .  New l a r v a l  r e c r u i t s  and daugh te r  
c o l o n i e s  were a s s i g n e d  a  number when they f i r s t  
appea red  Daughter  c o l o n i e s  i n  t he se  s p e c i e s  a r e  
n o t  d i s p e r s e d ,  e x c e p t  by d i r e c t i o n a l  growth.  
Thus ,  t h e  c l o s e  p rox imi ty  of  daugh te r  c o l o n i e s  ( a t  
l e a s t  i n  t h e  f i r s t  y e a r  a f t e r  f i s s i o n  took p l a c e ) ,  
t h e i r  common s k e l e t a l  connec t ions  and t h e i r  
i d e n t i c a l  c o l o u r  makes them e a s i l y  d i s t i n g u i s h a b l e  
from l a r v a l  r e c r u i t s .  Q u a n t i t a t i v e  d e s c r i p t i o n s  
o f  t h e  s i t e  and f u r t h e r  methodological  d e t a i l s  a r e  
g i v e n  i n  Hughes & Jackson  (1985) .  

RESULTS 

Sexual  and Asexual Reproduct ion 

A t o t a l  o f  428 c o l o n i e s  were gene ra t ed  by r e c r u i t -  
ment and f i s s i o n  from 1977 t o  1987, an amount 
e q u i v a l e n t  t o  111% o f  t h e  o r i g i n a l  number p r e s e n t  
a t  t h e  f i r s t  c e n s u s .  On a n  annual  b a s i s ,  t h e  mean 
r a t e  o f  l o c a l  p r o d u c t i o n  of  c o l o n i e s  by bo th  means 
combined was 3 .5 /m2/year .  Of t h e s e ,  41% were 
l a r v a l  r e c r u i t s ,  59% were gene ra t ed  a s e x u a l l y  by 
f i s s i o n .  

Ra t e s  o f  r e c r u i t m e n t  v a r i e d  g r e a t l y  between t h e  
f o u r  s p e c i e s  (Tab le  1 ) .  A g a r i c i a  a g a r i c i t e s  and 
L.  c u c u l l a c a  accoun ted  f o r  63 and 33% of  r e c r u i t s ,  
r e s p e c t i v e l y ,  wh i l e  A. l a r~ i a r ck i  and M .  a n n u l a r i s  
t o g e t h e r  comprised on ly  4 % .  By 1987,  on ly  24% of  
t h e  r e c r u i t s  d e t e c t e d  each y e a r  remained a l i v e ,  
l e a v i n n  3 1  l i v e  r e c r u i t s  f o r  A. a g a r i c i c e s  and 11 - 

I p r e s e n t  h e r e  p r e l i m i n a r y  r e s u l t s  from a  l o n g -  f o r  L. c r ~ c u l l a t a .  Net r e c r u i t m e n t  f o r  
t e rm  demographic  s t u d y ,  which i l l u s t r a t e  a  l a r g e  M. a r i n u l a r i s  and A. l amarck i  was z e r o  ove r  t h e  10 
i n t e r - s p e c i f i c  range i n  amounts o f  d i f f e r e n t  modes y e a r  p e r i o d  (Tab le  1 ) .  
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T a b l e  1 .  Number and s u r v i v o r s h l p  of  r e c r u i t s  

S p e c i e s  

A .  a g a r i c i t e s  
L .  c u c u l l a t a  
A. l amarck i  
H .  a n n u l a r i s  
T o t a l  

No. R e c r u i t s  % A l i v e  
1977-1987 i n  1987 

R a t e s  of  f i s s i o n  a l s o  v a r i e d  from s p e c i e s  t o  
s p e c i e s  (Tab l e  2 ) .  M u r ~ t a s t r e a  a r i n u l a r i s ,  t h e  w o r s t  
r e c r u i t e r ,  h ad  t h e  h i g h e s t  p e r  c a p i t a  r a t e  o f  
f i s s i o n  (mean annua l  r a t e  o f  0 . 0 9 ) .  and accoun t ed  
f o r  3 6 %  o f  a l l  d a u g h t e r  c o l o n l e s  formed from 1977-  
1987.  I n  c o n t r a s t ,  t h e  most cop ious  r e c r u i t e r ,  
A. a g a r i c i t e s ,  had  t h e  l owes t  mean annua l  p e r  
c a p i t a  f i s s i o n  r a t e  o f  0 . 0 3 ,  amount ing  t o  17% o f  
d a u g h t e r  c o l o n i e s  formed by t h e  4  s p e c i e s .  
L e p t o s e r i s  c u c u l l a c a  and A. l amarck i  b o t h  had  an  
a n n u a l  r a t e  o f  f i s s i o n  o f  0 . 0 7 .  and t h e y  formed 
38% and  9% o f  d a u g h t e r  c o l o n i e s ,  r e s p e c t i v e l y .  By 
1978 ,  43% o f  t h e  d a u g h t e r  c o l o n i e s  formed each  
y e a r  r ema ined  a l i v e .  S u r v i v o r s h i p  o f  d a u g h t e r  
c o l o n i e s  v a r i e d  s i g n i f i c H n t l y  be tween s p e c i e s  
( T a b l e  2.  P<0 .005 ) .  Seven ty - s even  p e r c e n t  o f  
s u r v i v i n g  d a u g h t e r  c o l o n i e s  b e l o r ~ g e d  t o  t h e  two 
s p e c i e s  t h a t  were  poor  r e c r u i t e r s ,  H .  a n n u l a r i s  
and A. l a m a r c k i .  

T a b l e  2 .  Number and s u r v i v o r s h i p  o f  d a u g h t e r  
c o l o n i e s .  

No. Daughter  
Co lon i e s  X A l i v e  

S p e c i e s  1977-1987 i n  1987 

A. a g a r i c i t e s  
L .  c u c u l l a t a  
A. lan tarcki  
M .  a n n u l a r i s  
T o t a l  

With t h e  e x c e p t i o n  of t h e  most cop ious  r e c r u i t e r ,  
A. a g a r i c i t e s ,  more c o l o n i e s  were generaLed 
l o c a l l y  by f i s s i o n  t h a n  by r e c r u i t m e n t  i n  e ach  
s p e c i e s .  The r a t i o  of  l o c a l  r e c r u i t s  t o  f i s s i o n  
pe r  s p e c i e s  f o r  a l l  y e a r s  combined r anged  Illore 
t h a n  2 0 - f o l d ,  from l e s s  t h a n  1 : 1 0  f o r  H .  a n n u l a r i s  
t o  more t han  2 : l  f o r  A. a g a r i c i t e s  (A.  a g a r i c i t e s  
> I.. c u c u l l a t a  > A .  l amarck i  >> M .  a r l n u l a r i s ) .  
Moreover ,  o v e r  t h e  e n t i r e  10  y e a r  p e r i o d ,  t h e  o n l y  
s u c c e s s f u l  i n p u t  i n t o  l o c a l  p o p u l a t i o n s  o f  
M .  a n n u l a r i s  and A ,  l amarck i  was by a s e x u a l  
f i s s i o n ,  s i n c e  t h e  few l a r v a l  r e c r u i t s  t h a t  were 
obse rved  e a c h  y e a r  had a l l  d i e d  by 1987 (Tab l e  1 ) .  

P o p u l a t i o n  s t r u c t u r e  and t u r n o v e r  

Over t h e  e n t i r e  10  y e a r  p e r i o d ,  s u r v i v o r s h i p  o f  
c o l o n i e s  i n i t i a l l y  p r e s e n t  v a r i e d  i n t e r -  
s p e c i f i c a l l y  f rom 7 - 6 1 % ,  w i t h  a  mean f o r  a l l  
s p e c i e s  combined o f  28% (Tab l e  3 ) .  The n e t  
p r o d u c t i o n  of  c o l o n i e s  by s e x u a l  and  a s e x u a l  means 
combined was n o t  enough t o  compensate  f o r  
m o r t a l i t y  o f  c o l o n i e s  o r i g i n a l l y  p r e s e n t  i n  1977 .  
and t h e  number o f  c o l o n i e s  d e c l i n e d  from 386 
i n i t i a l l y  t o  257 by 1987 (Tab l e  3 ) .  Only one 
s p e c i e s ,  H .  a r i r r u l a r i s ,  showed a  l o c a l  i n c r e ; l s e  i n  
nu~nber  o f  c o l o n i e s ,  and t h a t  o c c u r r e d  e x c l u s i v e l y  
t h rough  a s e x u a l  f r a g m e n t a t i o n .  

By 1987 ,  a l l  c o r a l s  c o u l d  be i d e n t i f i e d  a s  ( 1 )  
c o l o n i ~ s  a t  l e a s t  10 y e a r s  o l d  t h a t  were initially 
p r e s e n t  i n  1977 ,  ( 2 )  d a u g h t e r - c o l o n i e s  d e r i v e d  
a s e x u a l l y  f rom t h e s e  o l d  s u r v i v o r s ,  o r  ( 3 )  younge r  
c o l o n i e s  t h a t  r e c r u i t e d  t o  t h e  permanent p l o t s  
d u r i n g  t h e  s t u d y  p e r i o d .  The r e l a t i v e  number o f  
t h e s e  t h r e e  k i n d s  o f  c o l o n i e s  v a r i e d  enormously  
be tween t h e  f o u r  c o r a l  s p e c i e s  (P<0.001.  T a b l e  3 :  
F i g u r e  1 ) .  

P o p u l a t i o n s  o f  A .  a g a r i c i c e s  and L. c u c u l l a t a  h a d  
t h e  h i g h e s t  r a t e  o f  m o r t a l i t y  (Tab l e  3 ) ,  and  i n  
1987 c o n t a i n e d  a  l a r g e  p r o p o r t i o n  o f  young 
r e c r u i t s ,  i . e .  c o l o n i e s  n o t  y e t  p r e s e n t  a t  t he  
i n i t i a l  c e n s u s  i n  1977 (amount ing  t o  41% and  36% 
o f  t h e  f i n a l  co lony  c o u n t s ,  r e s p e c t i v e l y ;  F i g u r e  
1 ) .  Tu rnove r  o f  c o l o n i e s  of t h e s e  two s p e c i e s  was 
r a p i d ,  and t h e y  b o t h  d e c l i n e d  i n  number by more 
t h a n  50% d u r i n g  t h e  s t u d y  p e r i o d  (Tab l e  3 ) .  I n  
c o n t r a s t ,  t h e  e n t i r e  p o p u l a t i o n  of  A. l amarck i  and 
H .  a l l n u l a r i s  i n  1987 c o n s i s t e d  of  g e n e t s  o l d e r  
t h a n  10  y e a r s .  S u r v i v o r s h i p  of  t h e s e  l a t t e r  
s p e c i e s  was v e r y  h i g h  (44% and 61%.  r e s p e c t i v e l y ;  
T a b l e  3 ) .  and  numbers of c o l o n i e s  were more 
s t a b l e ,  d e s p i t e  t h e  cotspla te  l a c k  o f  s u c c e s s f u l  
r e c r u i t m e n t  f o r  a t  l e a s t  t he  l a s t  decade .  

The p r o p o r t i o n  o f  c o l o n i e s  a l i v e  i n  1987 t h a t  were  
g e n e r a t e d  a s e x u a l l y  by f i s s i o n  d u r i n g  t he  s t u d y  
( t h e  midd l e  b a r  i n  F i g u r e  1 )  v a r i e d  w ide ly  from 
s p e c i e s  t o  s p e c i e s .  I n  A. a g a r i c l t e s ,  a  low p e r  
c a p i t a  r a t e  o f  f i s s i o n ,  h i g h  m o r t a l i t y  and a  h i g h  
r a t e  o f  r e c r u i t m e n t  r p s u l t e d  i n  r e l a t i v e l y  few 
d a u g h t e r  c o l o n i e s ,  o n l y  16% of  t h e  t o t a l  coun t  i n  
1987.  I n  c o n t r a s t ,  i n  L. c u c u l l a t a .  A. l amarck i  
and M .  a n n u l a r i s ,  40% o r  more o f  c o l o n i e s  a l i v e  i n  
1987 were  d e r i v e d  a s e x u a l l y  d u r i n g  t h e  s t u d y .  
Because  o f  u n r e c o r d e d  f i s s i o n s  which undoub t ed ly  
o c c u r r e d  b e f o r e  1977 .  t h i s  i n d i c a t e s  t he  v e r y  
minimum amount by which c o u n t s  o f  c o l o n i e s  exceed  
t h e  number o f  g e n e t s  i n  t h e s e  p o p u l a t i o n s .  

DISCUSSION 

The g e n e r a t i o n  o f  l a r v a l  r e c r u i t s  and d a u g h t e r  
c o l o n i e s  c o n s t i t u t e  two demograph i ca l l y  s i g n i f i  

T a b l e  3 .  P o p u l a t i o n  s t r u c t u r e  and t u r n o v e ~  

I n i t i a l N o .  S u r v i v o r s  Net r e p r o d u c t i o n  T o t a l  

S p e c i e s  i n  1977 i n  1987 F i s s i o n s  R e c r u i t s  i n  1987 

A .  a g a r i c i c e s  168 32 12  3  1  7 5 

L .  c u c ~ r l l a t a  98 7  13  11 3  1  

A. l a m a r c k i  3  4 15  16 0 3 1 

n. a n n u l a r i s  86 52 68 0  120 

T o t a l  386 106 109 42 257  
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Daughter 
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Colonies 

F i g u r e  1. P e r c e n t  o f  c o l o n i e s  a t  t h e  1987 c e n s u s  
t h a t  we re  ( 1 )  s u r v i v o r s  o f  t h o s e  a l r e a d y  p r e s e l t t  
i n  1977 ,  ( 2 )  d a u g h t e r  c o l o n i e s  formed by f i s s i o n  
of  o l d  s u r v i v o r s ,  o r  ( 3 )  r e c r u i t s  d e t e c t e d  i n  1978 
o r  l a t e r .  Sample s i z e s  a r e  g i v e n  i n  Tab l e  3 .  

c a n t  r e p r o d u c t i v e  p r o c e s s e s  i n  t h e s e  f o l i a c e o u s  
c o r a l  s p e c i e s ,  b o t h  l e a d i n g  t o  s u b s t a n t i a l  
i n c r e a s e s  i n  numbers o f  c o l o n i e s .  However, 
r e c r u i t m e n t  and  f i s s i o n  d i f f e r  p r o f o u n d l y  i n  a  
number o f  i m p o r t a n t  e c o l o g i c a l  and e v o l u t i o n a r y  
c h a r a c t e r i s t i c s ,  a s  o u t l i n e d  b r i e f l y  be low.  

Daugh t e r  c o l o n i e s  formed by f i s s i o n  o f  a  s i n g l e  
g e n e t  a r e  m i t o t i c a l l y  homogeneous,  i . e .  t h e y  s h a r e  
t h e  same geno type  because  o f  t h e i r  common a n c e s t r y  
t h r o u g h  a s e x u a l  budd ing .  I n  c o n t r a s t ,  s e x u a l l y  
p roduced  l a r v a e  a r e  g e n e t i c a l l y  u n i q u e ,  because  o f  
m e i o s i s .  T h e r e f o r e ,  i t  seems l i k e l y  t h a t  t h e  
g e n e t i c  d i v e r s i t y  o f  s e x u a l l y  r e p r o d u c i n g  
p o p u l a t i o n s  l i k e  A .  a g a r i c i t e s  s h o u l d  be g r e a t e r  

t h a n  t h a t  o f  a s e x u a l l y  r e p l i c a t i n g  p o p u l a t i o n s  
wit11 l l m i t r d  a l l ~ o u l ~ t  o f  L:c,ne f l o w .  Note Ilowpvrr,  
t h a t  no t  a l l  p l a r ~ k r o n i c a l l y  d i s p e r s e d  c o r a l  
p ropagu l e s  a r e  produced s e x u a l l y  (Sammarco 1987 ,  
S t o d d a r t  1 9 8 3 ) .  Fu r the rmore ,  by ana logy  w i t h  
c l o n a l  p l a n t s  ( e . g .  Whitham and S lobodch iko f f  
1 9 8 1 ) ,  i t  i s  .at l e a s t  f e a s i b l e  t h a t  d a u g h t e r  
c o l o n i e s  o f  l o n g - l i v e d  s p e c i e s  l i k e  N o n t a s t r e a  
a n n u l a r i s  c o u l d  a l s o  d i v e r g e  i n  g e n e t i c  
compos i t i on  by t h e  accumula t i on  o f  soma t i c  
m u t a t i o n s .  

Apa r t  from g e n e t i c  d i f f e r e n c e s ,  d i f f e r e n t  t y p e s  o f  
c o r a l  p ropagu l e s  va ry  g r e a t l y  i n  t h e i r  d i s p e r s a l  
c a p a b i l i t i e s .  Daughter  c o l o n i e s  o f  t h e  f o u r  
s p e c i e s  s t u d i e d  h e r e  have  o n l y  a  l i m i t e d  a b i l i t y  
t o  move a p a r t ,  by d i r e c t i o n a l  growth.  I n  o t h e r  
s e s s i l e  c o r a l s ,  p a r t i c u l a r l y  l o o s e l y  b r a n c h i n g  
a c r o p o r i d s ,  co lony  F ragmen ta t i on  and tumbl ing  
d u r i n g  s t o rms  c a n  a l s o  r e s u l t  i n  c o n s i d e r a b l e  
l o c a l  d i s p e r s a l  ( e . g .  Gi lmore  and H a l l  1976,  
Highsmith  1 9 8 2 ) .  However, i t  a p p e a r s  t h a t  
movement from r e e f  t o  r e e f  i s  u s u a l l y  e f f e c t e d  
o n l y  by d i s p e r s a l  o f  p l a n k t o n i c  p ropagu l e s  ( e . g .  
J a c k s o n  1986 ,  Sammarco 1 9 8 8 ) ,  o r  o c c a s i o n a l l y  by 
p a s s i v e  r a f t i n g  o f  ma tu r e  c o l o n i e s  ( J o k i e l  1 9 8 4 ) .  
A s  a  r e s u l t ,  r e c o l o n i z a t i o n  by s e s s i l e  c o r a l s  
f o l l o w i n g  l o c a l  e x t i n c t i o n  can  o n l y  b e g i n  t h rough  
s e t t l e m e n t  from t h e  p l a n k t o n  ( o r  by r a f t i n g ) .  
s i n c e  c o l o n i e s  formed by f i s s i o n  and f r a g m e n t a t i o n  
canno t  move f a r  from t h e i r  s o u r c e .  

Daughter  c o l o n i e s  and l a r v a l  r e c r u i t s  a r e  a l s o  
demograph i ca l l y  d i s t i n c t i v e ,  p a r t i c u l a r l y  s i n c e  
t h e  fo rmer  v a r y  i n  s i z e ,  w h i l e  t h e  l a t t e r  a r e  
i n i t i a l l y  much s m a l l e r .  As a  r e s u l t ,  i t  is 
g e n e r a l l y  assumed t h a t  d a u g h t e r  c o l o n i e s  have a  
h i g h  r a t e  of  s u r v i v a l  and t h a t  f i s s i o n  and 
f r a g m e n t a t i o n  a r e  a lways  a d a p t i v e ,  a l t h o u g h  t h e r e  
i s  l i t t l e  d a t a  t o  s u p p o r t  t h i s  l a t t e r  h y p o t h e s i s .  
Recent s t u d i e s  have  shown t h a t  m o r t a l i t y  of 
u n a t t a c h e d  c o r a l  f r agmen t s  i s  even h i g h e r  t h a n  
r a t e s  r e p o r t e d  h e r e  f o r  a t t a c h e d  d a u g h t e r - c o l o n i e s  
(Highsmith  e t  a l .  1980,  Knowlton e t  a l .  1980 ,  Bak 
& C r i e n s  1981.  Hughes 1985 .  Conne l l  & Hughes, i n  
p r e p . ) .  I n  t h e  p r e s e n t  s t u d y ,  m o r t a l i t y  o f  l a r v a l  
r e c r u i t s  was a l m o s t  tw ice  a s  h i g h  a s  d a u g h t e r  
c o l o n i e s ,  f o r  a l l  f o u r  s p e c i e s  combined (Tab l e  
1 . 2 ) .  However, examina t i on  of e a c h  s p e c i e s  
s e p a r a t e l y  i n d i c a t e s  t h a t  r e c r u i t s  s u r v i v e  a s  w e l l  
o r  b e t t e r  t h a n  d a u g h t e r  c o l o n i e s  d e s p i t e  t h e  
d i f f e r e n c e s  i n  s i z e ,  a t  l e a s t  i n  t h e  two s p e c i e s ,  
A .  a g a r i c i t e s  and  L .  c u c u l l a t a ,  which had 
s u f f i c i e n t  numbers o f  e a c h  t o  a l l o w  compar i son .  
Daughter  c o l o n i e s  and l a r v a l  r e c r u i t s  a l s o  have  
d i f f e r e n t  f e c u n d i t y  s c h e d u l e s .  Because l a r v a l  
r e c r u i t s  a r e  i n i t i a l l y  s m a l l ,  t h e r e  i s  a  
c o n s i d e r a b l e  t i m e - l a g  b e f o r e  which t h e y  can  grow 
s u f f i c i e n t l y  l a r g e  t o  r ep roduce  s e x u a l l y  ( e . g .  
Cor l r~el l  1973 ,  R inkev i ch  and Loya 1979 .  K o j i s  & 
Quinn 1981,  Babcock 1984) o r  a s e x u a l l y  (Hughes and 
J a c k s o n  1 9 8 5 ) .  I n  c o n t r a s t ,  l a r g e  d a u g h t e r  
c o l o ~ ~ i e s  may be  c a p a b l e  o f  immediate r e p r o d u c t i o n .  

I n  t h i s  s t u d y ,  A .  a g a r i c i t e s  and L .  c u c u l l a t a  
a ccoun t ed  f o r  t h e  m a j o r i t y  o f  r e c r u i t s  (962 o f  t h e  
t o t a l  obse rved  from 1977 -1987 ,  Tab l e  l ) ,  
c o n f i r m i n g  s i m i l a r  f i n d i n g s  from s h o r t - t e r m  
s t u d i e s  t h roughou t  t he  Ca r ibbean  (Dustan  1977 ,  Bak 
and  Engel  1977.  Rylaarsdam 1979,  Rogers  e t  a l .  
1984 ,  Morse e t  a l .  1 9 8 8 ) .  Consequen t l y .  t h e s e  
s p e c i e s  a r e  among t h e  f i r s t  t o  invade  e x p e r i m e n t a l  
p a n e l s  o r  c l e a r i n g s  (Rogers  e t  a l .  1984 ,  Hughes 



1985), and their populations contain a relatively 
high proportion of young colonies (Figure 1). In 
contrast, M .  annularis and A .  lamarcki are slow to 
invade newly disturbed areas (Hughes 1985), but 
once genets become established they persist and 
proliferate locally by asexual fission (Figure 1). 
Colonies of the faster growing species, 
A. agaricites and L. cucullaca (see Hughes 6 
Jackson 1985), can potentially "move" up to a 
meter apart in a decade, although few genets live 
as long as 10 years (Table 3; Figure 1). 
Moncascrea annularis and A .  lamarcki grow more 
slowly but they also live much longer (Table 3). 
producing clones of daughter colonies up to 5m 
across (Hughes 6 Jackson 1985). The relative 
number of colonies generated locally by 
recruitment and asexual reproduction in these 
populations ranged inter-specifically more than 
20-fold (Table 1, 2). It seems likely that future 
studies will show similar demographic variation in 
other habitats and populations. 
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